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1. Introdvction

At present great difficulties are encouxtered in cbtaining tempora-
tures belov 12 K and in conducting ressarch at euch temperatures. Although the
Dedye and Gisugue magneto-caloris method (1926 - 1933) permite obtaixing very
low temperatures, it has many defects vhich make it desiradle to use the method
in which the vepor over liquii helium is exhausted in studiep requiring con-
stant temperatures for lang periods.

Dev4ces based on this prirciple hare already been described /1 - 6J.
The lovest tempereturs attainad by this method up to the present is 0.7) k.
(*1] temperatures in this article are given or the 1939 scale/ 7_7, welting
point of ice equals 273.16° E.) Such a lov temperature can be obtained by re-
ducing the evaporstion caused by the creep of the relim II film and by putting
in 1ts path a membrene with an apertwe 0.05 millimeters in diameter.

A further reduction in aperture 1iametsr v>uld prchably lead to stil:
lower temperatures, but as there is normal evaporation in addition to evapora-
tion cansed by the orseping of the helfum II fila, a certain minimum ape>ture
diamstor must exist beyood which 1t 1s not fessibie o go. A diameter of 0.05
ailiimsters 1s probably mot fer rroc this limit and it must, thereiore, be
‘assumed thai a temperature below 0.7° X camnot be obtained in an apparatus with
a membrane, ! ' :
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< However, 'a now possibility of 'reducing evaporation’caused by -the-creeping
of the film can be explained on the beasis of investigationa of the properties of
the heliwm IT film. Tt must be remrked that all sxperiments in studying these
properties were conducted undsr conditions in which the heliwm II film crept
fram & lover to @ higher tempersture. Such conditions are usvally brought about
autometically in ap apparatus, if special measures of esome scrt are not taksn.

Experiments in vhich the reverss of this phenmmencn might be observed are
probably not ccaducted becsuse of certain experimental difficulties., If ve
sssums -that temperaturs differences exert a great influence om the cresping of
the helium II film, 1t would seem ressonable to construct an apparatus in such
fashion that the £iim would move from higher to lower temperstures. (As I have
Just learned, P. Savich has also folloved an amalogous train of reasaning. )

‘Since this could lead to reduced evaporation caused by the heliwm II film
apd 18 of great importancs in devising an apparatus in vhich temperatures below
1° K could be cbtained, s series of experiments was undertaken to-stuly thie
phenaenon., - :

2. Description of the Apparatue )
The apparatus is shown in Figure 1, appended. It is a Dewar glaes

£lask (D1), 50 millimsters in diemeter and 200 milliweters im langth, to the

innsr valls of which a gleps membrane 18 fused. To the morbrens is fused a

glasa  capiliary ebod, the up;sr and lover parte of which ave 30 nillimeters long

each. Under the membrane is a tube C, 4 millimeters in dtameter and 80 milli-

meters long, to which a capsule S, 17 millimeters in dlametsr end 25 millimeters

long, is fused. . i

Amonium ferric clum is placed in the capsule S to act as a thermometer.
To reduce the heat conduction the inner walls of D; are lengthened (F).

A glass tube G, 40 millimeters in diamster, through which helium vapors
aro exhausted is attached to the Dewar flask. This tube conteins two open
silver-plated screens R; and R, to shield the liguid helium from thermal
radiation, For the sams jero~~ the Devar Dl was silver-plated, oo that only
the lower cpening could be seen.

The experiment is conducted in the following mamner: after the Nevar
flask Dy is filled with 11quid helium the temperatwre of the liquid helium is
then lovered by exhausiion to approximately 2° K amd condensation cf pure
helium bagins in ”1’ The conlensed hslium collected above M makes 1is way,
vh~a the prossw'e Teaches atmospheric pressure, through the capillary abcd.
Condensation snds when 1iguid helium covers half the lower part of the capillary.
Then ve begin exbausting the vapor over the liquid helium in Dy with the help
of a mercury diffusion pump with a pumping rate 15 1iters per sec.

We can assume tiat with such a set-up a difference in temperature will
exiat betwesn points b and c and that une helium II film must move from
higher to lower tempoaratures. Afier the cbtalned temperature and evapcraiion
rate of 1iquid helium are measured ond these results compared with the results
from an apparetus baving o wmembrane vith er aperture, 1% 1s possible to explain
vhat influence tespsrature difference exerts on the creeping of the heliwm II
£41m.
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‘'3, Results -

The experiments were carried out with three different capillaries,
0.26, 0.53 and 2,03 millimeters in dlameter.

The resulta of preliminary measurements are given in Table I; for the
salks of comparison, data obtained with an apparatus having & membrane with
an aperture are &lse showvn in Table 1.

Experiments cerried out with an apperatus with a meszbrane aperture
2 mllimeters in diamster show that temperatures below )1° X cammot be ob-
tained with it. As may be seen fram Table I, the same tempsrature 0.84° K
is obtained with a capillary diemster of 2.03 millimeters &s with a membrane
aperture of 1.0 millimeters., A lower temperature is obtained with a 0.26
millimeter cspillary diameter than with & 0,07 millimeter meubrane aperture.

Metsuremont of the evaporation rate shows that the evaporation rate’ in
& capillary spperetus is less then in a membrens apparatus.  Thus, for inatance
with & capillary diamster of 0.26 millimeters the evaporation rate is 0,18
cubic contimeters / houwr of 1iquid helium, which i3 the 2ame rate for a asmbrane-
aperture didmetsr o 0.07 millimeters.

“Tudble I, Comperison of Meesurements

Diameter of membrene apyrture in mm 0.56
Temperature cbtained in oK 0.78

Diameter of capillary in mm ' ' : 0.5
Tomperature obtained in %K ) 0.75

The effect can be assumed to be stronger, if the capillary has meny curves.
Then the helium IT £1lm would be enabled to pass several times over a section
with the indicated tempsrature. To prove this assumption an apparstue was con-
structed having a capillary 1.98 millimeters in diameter and vitk three curves.
In this experiment s temperature of 0,82° K is obtained which 1s not much less
than the temperature 0.840 K obtained with a capillary 2.03 millimeters in dia-
meter and with a single ourve.

To enlarge the parts having higher and lover temperatures the capiliary
is turned in a spirel adove ané belov the membrans. ISach spiral comprises three
coils, ths capillary diameter being 2.0 millimeters., In such en apparatus of
capiliary diemster 1.90 millimeters a temparature of 0,30° K 1s obtajnable. Of
intsyect 1s au cpparatus having & reduced temperature difference in the capillary
gection de.

This is poesidle through vacuum “insulation of the capillary. In such an
apparatus, a temperaturs of 0.80° K is obtainsd whan the capillary diameter is
1.90 millimeters.

Corclusions
1, Apparatus containing a curved capill.ry makes 1t possibie to obtaln

a lower temperature than thai obtained by apparatus having a uembrene with an
aperture of the same diameter as the cap?llury diameter. '
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2. This say be explained by assuming that there 1s tsmpsrature -
differencs along the capillary abod, the higher ypart of the capillary having
# higher temperature than the lower part. Such a temperature distribution

. reduces the spesd of movement of the helium II Iilm epd leads to & decresse
in the swmporation reate caunsed by it.

3. Vacom insulation, triple curvature ani the lengtheniag of the
capillary have only & slight effect on the tempsrature obtained, which fact
ctixmot a8 yet be oxplained.

L, A decreass in capillary diameter leads to a drvop in t‘&tpemtﬁre.
It ie pcsaibls to sowime that greater temperatwre differences slong the capil-
lary increase the effect. Xxperimenta along this lins are nov being cantinued.

In conclusiom, it 18 a pleasamt duty to express my gratitude to Professor
B. G. lagarev for his interest in our work amd bis discusaion of its results.

- The apparatus snd ite desariptice vewe mds by the muster glassbtlover Ye.
V.. Potuskkov, I ‘teke this opporiunity of expreseing my gutetnl\c.ohmlodas-
. msnte’ to him,

[ T1gure reterred to follows. ] -
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